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exposure to these compounds in relation to cancer incidence, nor
have they ruled out exposure to other known or suspected carcinogens.

There is no definitive evidence to suggest that either nitrate
or nitrite is carcinogenic.  In animals, nitrate has not been shown
to be directly carcinogenic or mutagenic. The limited data on nitrite
indicate that it may not act directly as a carcinogen but that it
is mutagenic in microbial systems.

In contrast, the N-nitroso compounds are clearly carcinogenic
in every species of animals in which they have been tested. Positive
results have been obtained for approximately 90% of the 300 N-nitroso
compounds tested for carcinogenicity in one or more species. Most of
these compounds are also mutagenic. Several nitrosamides have been
shown to be teratogenic in animals. Thus, tests in animals provide
strong evidence that N-nitroso compounds are likely to be carcinogenic"
in humans. These tests have also revealed the importance of enhancers
and inhibitors of carcinogenicity. For example, agents that promote
cell proliferation in the liver enhance carcinogenicity.  In contrast,
ascorbic acid, a-tocopherol, and other antioxidants can inhibit car-
cinogenicity by blocking the formation of N-nitroso compounds from
the reaction of nitrite and nitrosatable substrates. These findings
indicate that humans exposed to a chemical or virus that stimulates
proliferation of liver cells may be predisposed to carclnogenesis
induced by N-nitroso compounds. Moreover, they suggest that diets
low in vitamin C content may create conditions favorable for the
in vivo formation of N-nitroso compounds in humans.

The following recommendations of the committee are based on the
data reviewed in this chapter.

1.  The committee recommends that future epideraiological studies
focus on correlating actual exposures to nitrate, nitrite, and N-
nitroso compounds to incidence of cancer. Also, emphasis should be
placed on determining other factors, such as the presence of precur-
sor lesions affecting susceptibility. Where possible, exposure
should be correlated with actual levels of nitrate, nitrite, and
N-nitroso compounds in biological fluids such as blood, saliva, gas-
tric juice, and urine.

2.  Results of limited experiments suggest that nitrate is not
carcinogenic or mutagenic. The committee recommends that future tests
of the carcinogenicity of nitrate be correlated with the test species'
ability to reduce nitrate to nitrite in the saliva, which may be of

an important mechanism in humans.

3.  Current evidence indicates that nitrite may not act directly
as a carcinogen in animals. However, because of its mutagenicity in
microbial systems and its possible role in the induction of stomach
and esophageal cancer in humans, further testing in animals may be